Recently there have been numerous reports on lesions produced by the polychlorinated biphenyls (PCBs) 
the face within 1 month. In addition to bone marrow hypoplasia, liver hypertrophy, and increased hepatic microsomal enzyme activity, they had extensive gastric hyperplasia, dysplasia, and invasion of the underlying submucosa of the stomach.
There are data which indicate that fetal and neonatal animals are much more susceptible to the effects of the PCBs than are adult animals. Low mating indices and decreased survival of pups had been reported in rats fed PCBs (7) . Birds fed the PCBs produced thin-shelled eggs which hatched poorly and gave rise to offspring that suffered teratogenic abnormalities (7) (8) (9) (10) . The PCBs have been blamed for premature births and early deaths of California sea lion pups (11 ) , and breeding mink and their offspring were very sensitive to these compounds (12) . In contrast to the above, the presently reported study shows that the infant rhesus monkey is able to survive without exhibiting any overt symptoms of PCB intoxication when given doses sufflciently large to cause severe morbidity in adult animals.
Materials and Methods
Nine rhesus monkeys, seven males and two females, were separated from their mothers at 1 month of age. The infants were placed in a nursery in individual wire mesh cages equip-ped with surrogate mother, diapers, and feeding clip positioned to hold a 180-cc bottle at a height and angle conducive to feeding. (14) . Sections of the tissues were cut on an ultramicrotome, placed on uncoated copper grids, stained with uranyl acetate, and examined with an electron microscope.
The remaining portion of the liver was chopped into small pieces and homogenized in two volumes of 0.25M sucrose with 0.010M MgCl2 and 0.015M KCI at 0°C by using a Potter homogenizing tube and a Teflon pestle. Levels of protein (15) and RNA and DNA (16, 17) were determined on the homogenates. A postmitochondrial supernatant was obtained by centrifugation at 15,000g for 10 min. The pellet was recentrifuged under the same conditions after one wash with sucrose solution. The two supernatants were combined and spun at 10510O0gm ax for 110 min to pellet the microsomes. The pellets were washed in sucrose solution and repelleted for 80 min. Resulting pellets were resuspended in sucrose solution equal to three volumes of liver and stored at -70°C. Enzyme levels of aniline hydroxylase (18,1 9), nitroreductase (18, 20, 21) , N-demethylase (18, 22, 23) , glucose-6-phosphatase (24, 25) and p-nitrophenyl acetate hydrolase (esterase) (26) were determined, as were levels of microsomal protein (15) , RNA (16) , phospholipids (25, 27) , and cholesterol (27) (28) (29) .
Data were expressed as mean values ± one standard deviation and were analyzed by using Student's t test.
Resu
Throughout the period of examination all animals appeared healthy and exhibited normal behavioral pattems. However, the food consumption of the PCB-fed animals was slightly less than that of the control animals. In addition, the experimental animals did not gain weight as rapidly as did the controls (weight gain of 120 g/animal for experimentals and 256 g/animal for controls).
The clinical data obtained during the course of the experiment was unaltered in the PCB-fed animals with the exception of the hemoglobins and hematocrits. In three of the five PCB-fed animals there was a decrease in hematocrit of 3.1% and a corresponding decrease in the hemoglobin level, while the hematocrit level of control animals increased 4.8%, approaching normal adult values with corresponding hemoglobin increases.
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At necropsy there was found to be a decided hypoplasia of the thymus of the PCB-fed animals ( Table 1 ). The experimental animals also exhibited a slight increase in weight of the spleen, adrenals, liver and brain when expressed in relation to body weight.
When the tissues were examined by light microscopy, the thymus showed a regression of the cortical areas, and the bone marrow was hypoplastic with a decrease particularly in the erythroid series. In addition, one of the PCB-fed animals had keratin cysts on the upper eyelids and hypertrophy of the epithelium of the hair follicles. This animal also showed a moderate edema of the gastric mucosa, while another PCB-fed animal had focal hyperplasia of the gastric mucosa.
When the liver tissue was examined by electron microscopy, the reasons for the increase in liver size were apparent. There was a moderate proliferation of the smooth edoplasmic reticulum and random collections of lipid droplets within the cytoplasm of the affected cells. The other cytoplasmic organelles appeared to be unaffected. There were also changes in the biochemical composition of the liver tissue ( Table 2) . As a result of the hypertrophy of the cytoplasmic, components of the cell there was a decrease in When the biochemical data obtained on the hepatic microsomes were expressed in relation to microsomal protein (to show activity and composition per unit of membrane) there was an increase in RNA, phospholipid and cholesterol. However, statistically these increases were not sufficiently great to be significant. Levels of enzymatic activity were also not affected appreciably (Table 3) .
Disssion
There was considerable variation in the response of infant and adult monkeys to the PCBs. Within a month following the ingestion of a diet containing 300 ppm of a PCB, adult monkeys developed alopecia, acne, subcutaneous edema, bone marrow hypoplasia, anemia, relative leukocytosis, and hyperplasia of the gastric epithelium. The decided liver hypertrophy was associated with a proliferation of the smooth endoplasmic reticulum and an increased enzymatic activity of the microsomal fraction. When infant monkeys were fed similar doses of PCBs for one month they were free of acne, alopecia, subcutaneous edema, and the changes in the bone marrow, stomach, and liver were not of the same magnitude as that present in adult monkeys. There was only a moderate hypertrophy of the endoplasmic reticulum and an absence of any appreciable increase of microsomal enzyme activity in the infant monkey livers. In addition, the bone marrow showed only a moderate decrease in the erythroid elements, and the stomach of a single animal had isolated areas of gastric mucosal hyperplasia.
The reasons for this variation in response of two age groups of nonhuman primates to the PCBs remain to be clarified. Undoubtedly, the differences in absorption, metabolism, storage, or excretion of the PCBs are instrumental in determining the degree of toxicity experienced by these animals. If infant monkeys were unable to absorb the compounds as efficiently as adults, this would be an explanation for the lower tissue levels (L. J. Abrahamson and J. R. Allen, unpublished observations) and reduced toxicity. However, adult monkeys, like rats (30) , are able to absorb a large percentage of the ingested PCBs. If, in fact, the infants are unable to absorb as much of the PCBs as the adults, consideration will then have to be given to factors that might be responsible, such as a more rapid movement of a fluid diet through the gastrointestinal tract, reduced absorptive surface of the infant monkey intestine, or lack of enzymes necessary for absorption of hydrophobic compounds.
The precise role played by the metabolites of PCBs in monkeys is not clear. Whether a majority of the compound is absorbed and excreted unmodified or the metabolism of these compounds is an important aspect of their storage and excretion is unclear. However, in rats the PCBs cause a decided proliferation of the smooth endoplasmic reticulum and an increase in microsomal enzyme activity (31, 32) . These modifications in enzyme activity may be related to the metabolism of the PCBs. It has been demonstrated by chromatographic procedures that the PCB residues in the body tissues and excreta of rats are decidedly different from those shown in chromatograms of the initial PCBs (33, 34) . In addition, West et al. (35) have isolated a number of metabolites from the urine of biphenyl-fed rats. It is possible that the metabolism of the PCBs also occurs in the livers of adult monkeys since they, too, have a proliferation of the endoplasmic reticulum and an increase in microsomal enzyme activity following exposure to these chlorinated hydrocarbons. The lack of any appreciable biochemical change in the endoplasmic reticulum or modifications in the enzymatic activities of the liver of infant monkeys exposed to the PCBs suggest that the metabolism of these compounds is less than that present in adult monkeys. The inability of the infant monkey liver to metabolize the PCBs may be one explanation for their greater tolerance for the compounds.
In addition to the PCBs, infant monkey livers do not respond as readily, as do adult monkey livers, to known enzyme inducers such as the antioxidants butylated hydroxyanisole (BHA) or butylated hydroxytoluene (BHT) (36) . Previous experiments have also shown that the hepatic microsomes from infant monkeys have low activity of enzymes responsible for N-demethylation and dehydrogenation (37) . These data suggest that the inability of the infant monkey liver to respond to enzyme inducers and readily to metabolize foreign substances such as the
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PCBs results from the lack of maturation of the particular system.
Undoubtedly, tissue levels of the PCBs are directly related to the lesions that develop in the experimental animals. The possibility exists that the tissues of the infant monkeys may not be able to store the absorbed PCBs as readily as the tissues of adult monkeys. Since the major storage depot for the absorbed PCBs is in the adipose tissue and the infant monkey has little fat, there are fewer cells in which to deposit these compounds. A second, seemingly very important storage depot for the PCBs may be in the membranes of the hepatic endoplasmic reticulum. Recently, Norback et al. (38) have shown that the liver microsomes of rats fed highly chlorinated dibenzo-p-dioxin have a high concentration of this hydrophobic chlorinated aromatic hydrocarbon 6 weeks after the compounds have been removed from the diet. Such may also be the case in the liver of monkeys exposed to the PCBs. Since the infant monkey liver shows only minimal proliferation of the hepatic endoplasmic reticulum regardless of the inducer, the storage capacity for PCBs within the membranes of the endoplasmic reticulum would not be nearly as great as that of the proliferated endoplasmic reticulum in the livers of the PCB-fed adult monkeys.
The data presented in this report indicate that the infant monkey is able to tolerate doses of the PCBs that produce extreme morbidity in adult monkeys. The precise reason for this variation in response is unclear. There have been a number of possibilities proposed, such as variation in absorption, metabolism, storage, or excretion of the PCBs by adult and infant monkeys. However, it will be the subject of future research to determine which, if any, of the above is responsible for these differences.
